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Methods Ischemia was produced by permanent occlusion of the left middle cerebral artery (MCA). For quantitative behavioral analysis, one-trial passive avoidance response and active avoidance response with the discrete lever-press avoidance procedure were observed. One group of animals was trained once to learn the passive avoidance task 1 day before surgery. The response latency was examined 4 and 14 days after surgery. The second group was trained to learn the active avoidance task for 2 weeks before surgery. The avoidance rate was examined 3 and 14 days after surgery. E xperimental studies of cerebrovascular diseases that use an animal stroke model have mainly focused on the changes of cerebral blood flow, metabolism, and neuropathologic findings. With a view toward improving treatment of stroke patients, not only these basic aspects of the disease but clinical signs such as memory and learning abilities should also be investigated. Establishment of animal models with behavior and memory deficits is indispensable to understand the mechanisms of these disorders and to evaluate the effectiveness of newly developed methods and/or medicines for the treatment of human mental disorders as sequelae of stroke. Animal stroke models must have a relatively constant size of infarction with good reproducibility in easily obtained and inexpensive animals. 12 The middle cerebral artery (MCA) occlusion model in the rat developed by Tamura and coworkers 34 meets these requirements. Using this model, we reported disturbance of memory acquisition when training of a one-trial passive avoidance task was conducted 3 days after left MCA occlusion and test trials were given beginning on postischemia day 4 and then on day 14. 4 In subsequent studies several authors reported behavioral changes after MCA occlusion in rats using passive avoidance procedures or maze procedures. 5 " 10 However, in most of these studies animals were trained postoperatively for the purpose of mainly observing the ability of memory acquisition. The aim of this study was to describe memory retention ability in cases in which compartment (20x15x25 cm) that had a grid on the floor (SFK-1, O'Hara & Co Ltd). Once the four paws were on the grid, a scrambled foot-shock (0.8 mA) was delivered to the grid. The rat could escape from the shock only by stepping back into the safe, illuminated compartment. On the following day, the animal was anesthetized and randomly assigned to one of the three experimental groups: 11 rats received only anesthesia, 21 rats underwent MCA occlusion surgery, and 16 rats were subjected to sham operation. The test trials for evaluation of memory retention ability were carried out 4 and 14 days postoperatively. 4 ' 9 The rat was again placed in the safe compartment, and the latency of the response to enter the dark compartment was measured. The animal was picked up from the box when both of its anterior paws entered the dark room, before the rat received the electric shock. The latency of animals that did not move into the dark compartment during the 600-second observation period was assumed to be 600 seconds.
Active Avoidance Response
Fischer-344 rats (age, 10 to 12 weeks; body weight, 230 to 270 g) were used. The training was carried out according to the discrete lever-press avoidance procedure (GT 7721, O'Hara & Co Ltd). 7 ' 1113 The temporal components of the avoidance schedule were an intertrial interval of 25 seconds and a warning period of 5 seconds. Visual and auditory stimuli (lighting with a 30-W pilot lamp and a pure tone of 600 Hz at 60 dB, respectively) were used as the warning signals. After this conditioned stimulus, a shock was given in the form of an electric current of 0.2 mA during the training session. If the animal completed a lever-pressing action within the warning period, the warning signals ceased, the animal was able to avoid the electric shock, and the trial program was returned to the starting point of the 25-second intertrial interval. One avoidance session, consisting of 30 minutes of training per day, was conducted every other day during the training period. The index of the discrete avoidance behavior was indicated by the avoidance rate, which was expressed as the percentage of correct avoidance responses based on the number of trials. After 11 sessions of routine training procedure, more than 70% of the animals showed an avoidance rate of higher than 60%. At that time, only the animals whose average avoidance rate of the last three sessions exceeded 60% were selected as trained rats. These rats were randomly assigned to three groups and received the following treatments 3 days after the end of training: 3 rats received only anesthesia, 15 rats underwent MCA occlusion surgery, and 8 rats were subjected to sham operation.
Statistical Analysis
The results are expressed as mean±SD. The Kruskal-Wallis test followed by post hoc analysis was used for the statistical analysis for the passive avoidance tests. To analyze the data of the active avoidance tests, two-way ANOVA was carried out. Because of the use of multiple comparison, Bonferroni's correction principle was applied.
Results

Passive Avoidance Response
Five MCA-occluded rats and one sham-operated rat died during the 14-day examination period after treatment and were eliminated from the analysis. Fig 2 shows the latency period of the step-through procedure in the passive avoidance task for each group. During the training period, the average latency period of the stepthrough procedure was similar among all three groups; the mean of all animals before surgery was 19.5±2.7 seconds. On the fourth day after treatment, the mean latency periods for MCA-occluded (n = 16), shamoperated (n = 15), and nonoperated (n = l l ) groups were 124.3±190.3 seconds, 436.7±216.5 seconds, and 438.4±193.5 seconds, respectively. The mean latency periods on the 14th day were 176.1 ±169.6 seconds, 489.1±193.2 seconds, and 521.5±175.0 seconds, respectively. The Kruskal-Wallis test followed by post hoc analysis with the Mann-Whitney U test showed no significant difference in the latency periods between the sham and normal groups. Therefore, the latency period of the MCA-occluded group was compared with that of the sham and normal groups. The analysis disclosed the significantly shorter latency period in the MCA-occluded group (/ ) <.001 at any time point).
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Active Avoidance Response
Two MCA-occluded rats died during the postoperative examination period and were eliminated from the analysis. Fig 3 shows the avoidance rates during the training period and the 14-day examination period after treatment. The mean avoidance rates just before treatment for the MCA-occluded (n=13), shamoperated (n = 8), and nonoperated (n=3) groups were 74.3±6.2%, 77.1±6.8%, and 71.0±7.3%, respectively. There were no significant differences among the three groups before treatment. The avoidance rates on the third day after treatment were 28.2±18.8%, 56.9±20.6%, and 65.7±17.9%, respectively. The avoidance rates on the 14th day were 43.2±28.1%, 73.4±12.9%, and 71.0±10.4%, respectively. Two-way ANOVA showed significant differences in the avoidance response (expressed as a percentage) between the three groups. Post hoc analysis disclosed no significant difference between the normal and sham groups. Therefore, the avoidance response in the MCA-occluded group was compared with that of the sham and normal groups. An independent / test was applied with Bonferroni's principle. Significant lowering of the active avoidance rate was noted at day 3 (P<.01) and at day 14 (/><.01).
Discussion
For the evaluation of behavioral changes in small animals such as rats and mice, the following methods have been used: (1) passive avoidance response, (2) active avoidance response, and (3) the maze test. 1417 In this study we used passive avoidance response and active avoidance response to evaluate the preservation of memory after MCA occlusion.
The passive avoidance procedure is a quick and simple task to administer.
14 Therefore, this procedure is widely used to measure cognitive alterations after drug administration, lesions, and behavioral manipulations. 47 -910 ' 18 Behavioral changes measured with this procedure after focal cerebral ischemia in the rat have already been evaluated and reported. 4 -9 In these studies the latency periods of passive avoidance response were evaluated in animals that were trained postoperatively. Therefore, acquisition and reacquisition of memory were significantly disturbed in the MCA-occluded animals, and retention of memory seemed to be impaired in these rats. However, two different aspects of memory, acquisition and retention, were not separately considered in these studies. It is quite natural to expect that the impairment of memory acquisition caused by MCA occlusion markedly affects the preservation of memory. In the present study we focused on the retention of memory by training the animals before surgery. The results disclosed a significant impairment of the retention of the ability to perform the passive avoidance task in the MCA-occluded animals, while animals in the sham-operated and nonoperated groups showed marked hesitation toward entering the dark compartment after only one-trial learning before surgery. However, it is not always clear what this simple procedure measures. 14 The active avoidance response is a kind of operant behavior that may be manifested in certain human behaviors.
12 ' 15 In the active avoidance response experiment, a preliminary study disclosed that Fischer-344 rats had a much higher avoidance rate than Sprague-Dawley rats, whose mean rate was less than 40%. Kuribara et al 19 reported interstrain differences in the acquisition of conditioned avoidance responses in the rat, and Kuribara 11 also showed that Fischer-strain rats can successfully perform active avoidance tasks. It was reported that MCA occlusion in the Fischer-344 rat showed the most reproducible infarct volume among various strains tested. 20 In our preliminary study, the atrophic ratio of this strain, which was expressed as the percentage of the left hemispheric area divided by the right hemispheric area in five coronal sections, was 61.5±11.3 (n = 18) at 8 weeks after MCA occlusion. 21 Therefore, we used Fischer-344 rats in this study. The avoidance rates in the shamoperated group on day 3 and day 14 did not significantly differ from the preoperative rate. However, the avoidance rate in the MCA-occluded group remained low even 14 days after surgery. Thus, a significant impairment of the retention of the ability to perform the active avoidance task was also observed in the MCA-occluded animals.
Yamamoto et al 4 showed that the activity of the MCA-occluded animals did not significantly differ from that of the sham-operated and nonoperated animals. Meanwhile, neurological deficits including abnormal posture and hemiparesis were observed in the MCAoccluded rats during the first 4 weeks after occlusion. 4 ' 22 - 23 In the passive avoidance response study, the rats in the MCA-occluded group entered the dark room despite their hemiparesis, although the rats in the sham-operated and nonoperated groups approached the entrance but hesitated to enter the dark compartment and retreated. Based on these observations, the latency period in the MCA occlusion group may be overestimated but cannot be underestimated in the passive avoidance procedure. On the other hand, neurological deficits such as hemiparesis may affect the result of the active avoidance task, although most of the animals were able to walk and push the lever to avoid electric stimulation in the active avoidance response experiment. Our preliminary study showed that learning behavior for the active avoidance task was significantly disturbed for the entire 8-week period after preoperative training. 21 However, to rule out this possi-bility, we needed further observation results, ie, until the animals became free from palsy.
In the formation and preservation of memory, the role of the hippocampus and its related structures, such as the amygdala and anterior temporal lobe, has generally attracted more attention than other structures. 16 However, in the MCA occlusion model used in this study, the cerebral cortex and striatum perfused by the MCA become infarcted, but the hippocampus is spared. 3 Although memory is distributed throughout various areas of the nervous system such that no single memory center exists and many parts of the nervous system participate in the representation of a single event, the most likely site of storage is the set of particular cortical processing systems that is engaged during the perception, processing, and analysis of the material being learned. Experimental studies in rats have shown that, in some cases, the neocortex itself must be a memory storage site. 16 ' 17 Recent research on the possible relation between behavioral change and the neurochemical system has demonstrated the role of acetylcholine in memory function. 2426 The septohippocampal cholinergic system is generally considered to be the main center of the memory process. On the other hand, the basal nucleus projection to the cortex has attracted particular attention in relation to Alzheimer's disease. It is reported that excitotoxic lesions of the rat basal forebrain induced deficits in learning, attention, and passive avoidance. 24 ' 25 ' 27 -28 Thus, the basal forebrain may also be an important component of the neural circuitry involved in learning and memory. In the MCA occlusion model, the cholinergic basal forebrain complex is not involved in the infarcted area, but the cholinergic fibers from the basal nucleus to the cortex are injured. 29 It was reported that the acetylcholinesterase-positive fiber density was significantly reduced in the cortex on the occluded side and the acetylcholine levels in the infarcted cortex were significantly decreased. 29 " 31 Based on the results cited above, the memory disturbance observed in this study is ascribed to the impairment of cerebral neocortex.
In conclusion, retention of memory in the passive avoidance response and the active avoidance response was disturbed after left MCA occlusion in the rat. Based on the results of the present study and those of other studies that used the same MCA occlusion model, it is suggested that this MCA occlusion model can serve as a reproducible quantitative model of long-term memory disturbance due to cerebral infarction.
Editorial Comment
A reduced memory in passive and active avoidance responses is demonstrated 4 and 14 days after occlusion of the left middle cerebral artery in the rat. This is an extension of an earlier study from the same group, and the results are in agreement with the well-known clinical observation that memory disturbances are common in patients after hemispheric strokes.
Studies on behavior and functional outcome are important in experimental stroke research. Knowledge about the spontaneously occurring functional improvement in the strain and the method used in a particular laboratory is of importance when evaluating to what extent the outcome can be modified by pharmacological or other interventions. The correlation between neuropathology and behavior has been good in some studies but not in others and seems to vary with time and with the tests used. 14 It would have been interesting to know if the memory failure correlated with the tissue loss in the individual rats. Different strains of rats and different surgical methods are currently used in experimental focal brain ischemia. To compare studies on behavioral outcome from different laboratories, it is desirable that some information is given about the extent of neuronal death in the tested rats.
